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(54) Title: THRUST BEARING FOR DOWN-HOLE TOOL 




(57) Abstract 

There is disclosed an improved bearing and particularly an improved bearing assembly (15, 15A), eg. a thrust bearing assembly, 
which may be used in down-hole applications, such as down-hole drilling applications. Thrust bearing assemblies for use in down-hole 
applications have the conflicting requirements of a thick shaft assembly and high axial load bearing capacity in a small crosssection. The 
invention, therefore, provides: a bearing assembly (15, 15 A) having at least two bearing elements (400, 400A) spaced by a first body (500, 
500A), the first body (500, 500A) having means for flexing. Thus when a load is applied to the bearing assembly (15, 15A) the first body 
(500, 500A) is caused to flex. In an embodiment the flexing means comprise at least one circumferential groove or notch (510, 51 OA) 
formed on the first body (500, 500A). 



BNSDOCID: <WO 0046478A1_I_> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the POT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte d'Tvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/46478 



PCT/GB00/00314 



1 

THRUST BEARING FOR DOWHOLE TOOL 

This invention relates to an improved bearing. 
Particularly, though not exclusively, the invention relates 
to an improved bearing assembly, eg. a thrust bearing 
assembly, which may be used in down-hole applications, eg. 
down-hole drilling applications, such as in the oil/gas 
production industries . 

Thrust bearing assemblies for use in down-hole 
applications have the conflicting requirements of a thick 
shaft assembly and high axial load bearing capacity in a 
small cross -section. To achieve this a number of thrust 
bearings may be mounted in line to provide sufficient load 
and shock capacity. In conventional bearing assemblies 
this introduces a problem as the load may not be shared 
equally between the series of bearings which may result in 
excessive wear or failure of one or more of the bearings. 
This problem can be mitigated by use of assemblies of 
springs and spacers. However, these tend to be complex in 
nature. An additional problem in down-hole apparatus is 
that space tends to be limited. 

It is an object of at least one aspect of the present 
invention to obviate or mitigate the aforementioned 
problems in the prior art. 

It is a further object of at least one embodiment of 
at least one aspect of the present invention to seek to 
provide a flexible, load sharing, anti-friction bearing 
assembly/unit. 
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According to a first aspect of the present invention 
there is provided a bearing assembly having at least two 
bearing elements spaced by a first body, the first body 
having means for flexing. 

Thus when a load is applied to the bearing assembly 
the first body may be caused to flex. 

Advantageously the flexing means may comprise at least 
one groove or notch formed on the first body. 

Preferably the first body is substantially annular in 
shape, the at least one groove preferably being -formed on 
an outer surface of the first body. 

Advantageously the groove is substantially U-shaped. 

The first body may be rigidly mounted to a body to 
which load is applied, in use. 

Preferably a first annular surface of the first body* 
is provided with a first annular raceway. . 

Preferably also, a second annular surface of the first 
body is provided with a second annular raceway. 

Advantageously the first and second bearing elements 
each comprise a plurality of balls, the first and second 
bearing elements preferably being received for movement 
within the first and second annular raceways of the first 
body. 

In a preferred arrangement the means for flexing 
flexes about a longitudinal axis of the first body. 

Further, in the preferred arrangement the groove is 
provided substantially circumf erentially around the first 
body . 
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According to a second aspect of the present invention 
there is provided a bearing assembly having at least two 
bearing elements spaced by a first body, the first body 
being at least partly flexible. 

According to a third aspect of the present invention 
there is provided a bearing unit comprising at least one 
and preferably a plurality of bearing assemblies according 
to the first aspect. 

Advantageously each adjacent bearing assembly are 
spaced by a second body. 

Preferably the second body is substantially annular in 
shape . 

The second body may be rigidly mounted to a further 
body to which load is not (directly) applied in use. 

Preferably a first annular surface of the second body 
is provided with a first annular raceway. 

Preferably also, a second annular surface of the 
second body is provided with a second annular raceway. 

Advantageously, respective first and second bearing 
elements may be received for movement within the first and 
second annular raceways of the second body. 

Advantageously, adjacent first bodies are spaced by a 
respective first spacer element. 

Advantageously also, adjacent second bodies are spaced 
by a respective second spacer element. 

In one embodiment a further first spacer element may 
be provided between an end to which force is applied, in 
use, and an adjacent end of an adjacent fir&t body. 
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According to a fourth aspect of the present invention 
there is provided a tool or apparatus including a bearing 
assembly according to the first aspect of the present 
invention or a bearing unit according to the second aspect 
of the present invention. 

The tool may be a down-hole tool, eg. for use in a 
borehole of an oil/gas well. 

The tool may comprise part of a borehole drilling 
apparatus, which may include a down-hole motor such as a 
Mointeau motor or a motor as disclosed in W095/19488, the 
content of which is incorporated herein by reference. 

The first body may be rigidly mounted to a shaft to 
which load is applied, in use. 

The shaft may be contained substantially 
concentrically within the bearing assembly/unit . 

The second body may be rigidly mounted to a housing. 

The housing may substantially concentrically surround 
the bearing assembly/unit. 

Advantageously, adjacent first bodies are 
longitudinally spaced by a first spacer element, which may 
also be mounted on the shaft. 

Advantageously also, adjacent second bodies are 
longitudinally spaced by a second spacer element, which may 
also be mounted on the housing. 

Embodiments of the present invention will now be 
described, by way of example only, with reference to the 
accompanying drawings, which are: 

Fig. 1 a cross - sectional side view of a portion of a 
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down-hole tool including a bearing assembly according 
to a first embodiment of the present invention. 
Fig. 2 a perspective view of a portion of the bearing 
assembly of Fig. 1. 

Fig. 3 a cross -sectional side view' of a down-hole tool 
including a bearing assembly according to a second 
embodiment of the present invention . 

Referring initially to Fig. 1 there is illustrated a 
portion of a down-hole tool, generally designated 5, 
according to a first embodiment of the present invention. 
The tool 5 may take the form of a borehole drilling 
apparatus. The tool 5 includes a bearing unit (pack) 10 
comprising a series of adjacent bearing assemblies 15 - in 
this embodiment three assemblies 15 are provided. 

Each bearing assembly 15 has two anti -friction bearing 
elements 400 spaced by a first body 500, the first body 500 
having means for flexing. Thus, when a load is applied to 
the bearing assembly 15, the first body 500 is caused to 
flex. In this embodiment the flexing means comprise at 
least one substantially circumf erentially formed groove 510 
formed on the first body 500. 

The first body 500 is substantially annular in shape, 
the at least one groove 510 being formed on an outer 
surface of the first spacer body 500. As can be seen from 
Figs. 1 and 2 the groove 510 is substantially U-shaped in 
side cross -section . 

The first body 500 is rigidly mounted to a shaft 600 
to which load is applied, in use, the shaft 600 being 
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substantially concentrically contained within the bearing 
unit 10. The shaft 600 may be hollow and may have a socket 
610 for connection, eg. to a drill bit or the like (not 
shown) . 

A first annular surface 610 of the first body 500 is 
provided with a first raceway 620. Further a second 
annular surface 63 0 of the first body 500 is provided with 
a second annular raceway 640. The first and second bearing 
elements 400 each comprise a plurality of balls, the first 
and second bearing elements 400 being received for movement 
within the first and second annular raceways 620, 64 0 of 
the first body 500. 

The bearing unit 10 comprises a plurality of bearing 
assemblies 15. Each adjacent bearing assembly 15 are 
spaced by a second body 200. Each second body 20 0 is 
substantially annular in shape. The second bodies 200 are 
rigidly mounted to an outer housing 100 to which load is 
not (directly) applied, in use. 

A first annular surface 650 of each second body 2 00 is 
provided with a first annular raceway 660. A second 
annular surface 670 of each second bodies 200 provided 
between adjacent assemblies 15 is provided with a second 
annular raceway 680. Second bodies 200 provided at ends of 
the unit 10 are only provided with one raceway 660 - as can 
be seen from Fig. 1. 

In this way respective first and second bearing 
elements 40 0 are received for movement within the first and 
second annular raceways 66 0, 670. of the second spacer body 
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200 . 



Referring to Fig. 1 the second bodies 200 are rigidly- 
mounted to a housing 100. The housing 100 substantially 
concentrically surrounds the bearing unit 10. 

A first raceway 620 of the first spacer body 500 faces 
a second raceway 680 of a second body 200. Similarly a 
second raceway 640 of the first body 500 faces a first 
raceway 66 0 of a second body 2 00. 

As can be seen from Fig. 1 the first bodies 500 are 
longitudinally spaced along the shaft 600 and separated by 
first spacer elements 700 which may be rigidly mounted to 
the shaft 600. Further as can be seen from Fig. 1 the 
second bodies 200 are longitudinally spaced along the 
housing 100 and separated by second spacer elements 300 
which may be rigidly mounted to the housing 100. 

It is noted that the shaft 600 is free to rotate 
relative to the housing 100. Thus the first bodies 500 may 
rotate relative to the second bodies 200. 

The components of the tool 5 may, in this embodiment 
be made from the following materials: 

housing 100 - steel 

second bodies 200 - hardened steel 

second spacer elements 300 - steel 

bearing elements 400 - hardened steel 



and/or ceramic 



first spacer bodies 500 



hardened steel 



shaft 600 



steel 



first spacer elements 700 



steel 
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However, it will be appreciated that one may use any 
alloy steel capable of surface hardening to a case depth in 
the order of 10 thousandths of an inch by nitriding/ 
carborising. 

5 In use, the flexibility of bearing assembly 15 

provides load sharing throughout the bearing unit 10. This 
flexibility is imparted by the grooves 510. As a (thrust) 
load F is applied to the shaft 600, a first body 500 
deflects or flexes under the load F seeking to ensure that 
10 the next first: bodies 500 are suitably positioned such that 

some of the load is then transferred through the adjacent 
inner spacer 700 to the next first body 500 and so 
This seeks to ensure that the load F is spread evenly 
between the bearing assemblies 15 in the unit 10, and is 
15 not supported by a single bearing assembly 15. Thus the 

load F is distributed in a way which is not possible using 
known rigid bearing assemblies. As each body 200, 500 is 
double sided the load F may be either tensile or 
compressive. In either case the load F will be shared over 
20 each of the bearing assemblies 15 of the unit 10. 

Both static and dynamic tests have been carried out on 
1 11/16 inch flexible bearing unit 10 and its performance 
has been found to be even better than expected. 

The bearing assembly 15 showed a linear deflection to 
25 20kN where shortly thereafter Brinelling occurred. This 

was then followed by a second linear deflection as both 
flexing of the horseshoe shaped groove 510, and to a lesser 
extent Brinelling continues. Deflection is- 0.8mm before 
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Brinelling occurs per bearing assembly 15, whereas 
predictions suggested 0.05 to 0.06mm, an increase by a 
factor of 15 . There was no damage to the bearing elements 
on any occasion. 

From inspection of the raceways 620, 640 after 
testing, it was found that the load is applied at 
approximately 45 degrees towards shoulders of the raceways 
620, 640 ie. away from the flexible portion, and is not 
vertical. The result is a much stronger bearing assembly 
15 as it only has to cope with around 0.707 times the 
vertical force supplied, thus being able to carry more 
load. This load is also directed into the strongest and 
stiffest part of the raceways further increasing the load 
carrying capabilities . 

For a bearing unit 10, each raceway can withstand in 
the region of 25kN before significant damage occurs. For 
example, for 5 sets of raceways, the load before any 
serious problems would occur is approximately 125kN or 12.7 
tonnes, which far exceeds what is expected in the field. 

The load is shared to a high degree after initial 
Brinelling of a first body raceway. However, under very 
high loads the raceway nearest the load deteriorates 
quicker and the subsequent failure propagated the load to 
the remaining raceways. 

The Br inelling effect seen on the face of the first 
raceway does not deteriorate under higher loads. 

The combination of the two dynamic tests using 
optimised spacers lasted for 219.5 hours at .1500 lbf WOB . 
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Considering that a conventional 1 11/16" MACDRILL. (TM) 
motor as discussed in W095/19488 has a stall torque at this 
force, it can be safe to assume that this load will not be 
seen for sustained periods when drilling. Bearing in mind, 
and the fact that the load to wear curve is exponential, 
the life expectancy of the flexible bearing unit 10 at 
normal operating loads could be substantially greater than 
the 219.5 hours, of which it was subjected to during tests. 

In summary the flexible bearing assemblies 15 are much 
stronger than were thought as the load is acting at 45° 
through the raceways. The load path with (WOB) loading 
carries the load in towards the shaft 600 and not towards 
the horseshoe shaped grooves 510. This therefore results 
in the raceway flexing less than its design specification 
and subjected to Brinelling rather than flex actions. The 
bearing unit 10 produces the same effect as in known 
angular contact bearings but at a fraction of the cost. 

There are a number of options that can improve the 
design of the bearing unit 10 so that the initial 
Brinelling on a first inner spacer can be reduced, eg: 
1. Increase the groove 510 depth to increase the flex and 

assist in load sharing.; 
2 . Incorporate an extra inner spacer to ensure the spring 

rate on the first body raceway and the rest of the 

raceways are the same . 

Referring now to Fig. 3, there is illustrated a 
portion of a downhole tool, generally designated 5A, 
according to a second embodiment of the present invention. 
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The tool 5A is similar to the tool 5 of the first 
embodiment, like parts being denoted by like integers but 
suffixed 1 A 1 . However, the tool 5A differs from the tool 
5 in providing a extra inner spacer 700 1 A so as to seek to 
5 provide the advantage offered by (2) above. 

It will be appreciated that the embodiments of the 
present invention hereinbefore described are given by way 
of example only, and are not meant to limit the scope of 
the invention in any way. It will, for example, be 
10 understood that the number of bearing assemblies forming a 

bearing unit may be selected to provide a desired load 
capacity . 

It will further be appreciated that the present 
invention provides for a greater outer diameter of shaft 
15 therefore a larger (hex) coupling and therefore a higher 

torque capacity than known bearing unites . A greater outer 
diameter of shaft allows - for the same strength - a 
greater inner diameter of shaft and thus reduced pressure 
loss through the (drive) shaft. 

20 
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CLAIMS 

1 . A bearing . assembly having at least two bearing 
elements spaced by a first body, the first body having 
means for flexing. 

2. A bearing assembly as claimed in claim 1, wherein, in 
use, when a load is applied to the bearing assembly 
the first body is caused to flex. 

3 . A bearing assembly as claimed in either of claims 1 or 
2, wherein the flexing means comprise at least one 
groove or notch formed on the first body. 

4. A bearing assembly as claimed in any of claims 1 to 3, 
wherein the first body is substantially annular in 
shape, the at least one groove being formed on an 
outer surface of the first body. 

5 . A bearing assembly as claimed in either of claims 3 or 
4, wherein the groove is substantially U-shaped. 

6. A bearing assembly as claimed in any preceding claim, 
wherein the first body is rigidly mounted to a body to 
which load is applied, in use. 
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7. A bearing assembly as claimed in any preceding claim, 
wherein a first annular surface of the first body is 
provided with a first annular raceway. 



8 



A bearing assembly as claimed in ' claim 7, wherein a 
second annular surface of the first body is provided 
with a second annular raceway. 



9. A bearing assembly as claimed in claim 8, wherein the 
first and second bearing elements each comprise a 
plurality of balls, the first and second bearing 
elements being received for movement within the first 
and second annular raceways of the first body. 



15 10. A bearing assembly as claimed in any preceding claim, 

wherein the means for flexing flexes about a 
longitudinal axis of the first body. 



11 . A bearing assembly as claimed in any of claims 4 to 10 
when dependent upon claim 3, wherein the groove is 
provided substantially circumf erentially around the 
first body. 



12 . A bearing assembly having at least two bearing 
25 elements spaced by a first body, the first body being 

at least partly flexible. 
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13 . A bearing unit comprising at least one bearing 
assembly according to any of claims 1 to 12. 

14. A bearing unit as claimed in claim 13, wherein 
adjacent bearing assemblies are spaced by a second 
body . 

15. A bearing unit as claimed in claim 14, wherein the 
second body is substantially annular in shape. 

16 . A bearing unit as claimed in claim either of claims 14 

or 15, wherein the second body is rigidly mounted to 
a further body . to which load is not (directly) applied 
in use . 

17 . A bearing unit as claimed in claim any of claims 14 to 

16, wherein a first annular surface of the second body 
is provided with a first annular raceway. 

18. A bearing unit as claimed in claim 17, wherein a 
second annular surface of the second body is provided 
with a second annular raceway. 

19. A bearing unit as claimed in claim 18, wherein 
respective first and second bearing elements are 
received for movement within the first and second 
annular raceways of the second body. 
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20. A bearing unit as claimed in claims 13 to 19, wherein 
adjacent first bodies are spaced by a respective first 
spacer element . 

21. A bearing unit as claimed in claim any of claims 13 to 

20, wherein adjacent second bodies are spaced by a 
respective second spacer element. 

22. A bearing unit as claimed in claim any of claims 13 to 

21, wherein a further first spacer is provided between 
an end to which force is applied, in use and an 
adjacent end of an adjacent first body. 

23 . A tool or apparatus including a bearing assembly 

according to any of claims 1 to 12. 

24 . A tool or apparatus including a bearing unit according 

to any of claims 13 to 22 . 

25. A tool or apparatus as claimed in either of claims 23 
or 24, wherein the tool is a down-hole tool, eg. for 
use in a borehole of an oil/gas well. 

26. A tool or apparatus as claimed in any of claims 23 to 
25, wherein the tool comprises part of a borehole 
drilling apparatus, which optionally includes a down- 
hole motor. 
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27. A tool or apparatus as claimed in any of claims 23 to 
27, wherein the/a first body is rigidly mounted to a 
shaft to which load is applied, in use. 



28. A tool or apparatus as claimed iri claim 27, wherein 
the shaft is contained substantially concentrically 
within the bearing assembly/unit. 

29. A tool or apparatus as claimed in claim 24 or any of 
claims 25 to 28 when dependent upon claims 23, wherein 
the second body is rigidly mounted to a housing. 

30. A tool or apparatus as claimed in claim 29, wherein 
the housing is substantially concentrically surrounds 
the bearing assembly/unit . 

31. A tool or apparatus as claimed in claim 24 or any of 
claims 2 5 to 3 0 when dependent upon claim 24 wherein 
adjacent first bodies are longitudinally spaced by a 
first spacer element. 

32. A tool or apparatus as claimed in claim .31 when 
dependent upon claim 27, wherein the first spacer 
elements- is/are mounted on the shaft. 

33. A tool or apparatus as claimed in claim 24 or any of 
claims 25 to 22 when dependent upon, claim 24, wherein 
adjacent second bodies are longitudinally spaced by a 
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second spacer element. 

34. A tool or apparatus as claimed in claim 33 when 
dependent upon claim 29, wherein the second spacer 
5 elements is/are mounted on the housing. 



BNSDOCID: <WO 004647BA1 J_> 



SUBSTITUTE SHEET (RULE 26) 



WO 00/46478 



PCT/GBOO/00314 




SUBSTITUTE SHEET (RULE 26) 



WO 00/46478 



PCT/GB00/00314 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCtD: <WO 004647BA1 _l_> 



WO 00/46478 PCT/GB00/00314 



3/3 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 


tntsn nal Application No 
1/uD UU/UUOIH 


IPC 7 EZ1B4/00 FloL^//Oo rlotjb/Uo 




According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 E21B F16C 



Documentation searched other than minimum documentation to the extent that such documents are included In the fields searched 



Bectronte data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • 


Citation of document, with Indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


CH 239 592 A (GERTSCH) 

18 February 1946 (1946-02-18) 

page 1, left-hand column, line 12 - line 

22 


1-4, 
7-13,23 


X 


US 1 346 417 A (PALMGREN) 
13 July 1920 (1920-07-13) 
page 1, line 41 - line 53 
page 1, line 67 - line 82 


1-4, 
10-13 


X 


DE 938 343 C (ADOLF SCHNORR KG) 
26 January 1956 (1956-01-26) 
figure 1 


1,12,13, 
23,24 


X 


GB 1 344 318 A (S0CIETE NATI0NALE D'ETUDE 
ET DE CONSTRUCTIONS DE M0TEURS D* AVIATION) 
23 January 1974 (1974-01-23) 
figure 1 

-/— 


1,12,13, 
23,24 



m 



Further documents are Gated in the continuation of box C. 



|X [ Patent family members are listed In 



* Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

*L' document which may throw doubts on priority claim(s) or 
which la cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

a P" document published prior to the International filing date but 
later than the priority date claimed 



T* later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document Is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 

23 May 2000 


Date of mailing of the international search report 

29/05/2000 


Name and mailing address of the ISA 

European Patent Office, PB. 5016 Patentlaan 2 
NL - 2260 HV Rljswi^ 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 

Rampelmann , K 



Form PCT71SAA10 (eaoond sheet) (Jury 1892) 



page 1 of 2 



fWd«A7ftA1 I s 



INTERNATIONAL SEARCH REPORT 



(met xul Application No 

PCT/GB 00/00314 



C^CoriUnuaMon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy • Citation of document, with truncation .where appropriate, of the relevant passages 



Relevant to claim No. 



US 1 448 189 A (BRUNNER) 
13 March 1923 (1923-03-13) 
page 2, line 6 - line 10 
page 2, 1 ine 55 - line 62 

US 4 220 380 A (CRASE) 
2 September 1980 (1980-09-02) 
figure 2A 

US 5 690 434 A (BESH00RY) 
25 November 1997 (1997-11-25) 
figure 3 

US 5 074 681 A (TURNER) 
24 December 1991 (1991-12-24) 
figure 2 



1,12,13, 
23,24 



25 



Fomi PCT/1SA>210 (continuation of aocond ehoet) (July 1092) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

.nfonnatlon on patent family member* 



IntM >nal Application No 

PCT/6B 00/00314 



Patent document 
cited in search report 


Publication 
date 


Patent family 
members) 


Publication 
data 


CH 239592 


A 




NONE 






US 1346417 


A 


13-07-1920 


NONE 






DE 938343 


C 




NONE 






GB 1344318 


A 


23-01-1974 


FR 
DE 


2110693 A 
2152309 A 


02-06-1972 
04-05-1972 


US 1448189 


A 


13-03-1923 


NONE 






US 4220380 


A 


02-09-1980 


NONE 






US 5690434 


A 


25-11-1997 


NONE 






US 5074681 


A 


24-12-1991 


NONE 







Form PCT/ISA/210 (patent family annex) (July 1992) 

BNSDOCID: <WO 004647BA1J_> 



